The electron mobility value of 320 cm 2 V −1 s −1 observed from La-doped BaSnO 3 (LBSO) single crystals has a great potential in optoelectronic applications, but LBSO films exhibit much lower mobilities. Threading dislocations from the film/substrate mismatch are believed to be the main source of this phenomenon, but previous experiments suggest that they do not fully explain the mobility suppression. In this paper, we examined the thickness dependence of electrical and thermal transport properties of LBSO films fabricated in different oxidation environments. The results show that oxygen deficiency also affects the electron mobility of LBSO films, and the mobility suppression in LBSO films is dominated by different mechanisms depending on the thicknesses. LBSO films with different oxygen vacancy contents were fabricated using the pulsed laser deposition technique. The films deposited under higher oxidative conditions exhibited lower oxygen deficiency levels and superior transport properties whereas the threading dislocation densities remained unchanged. The highest mobility value observed in this paper was 120 cm 2 V −1 s −1 , which is comparable to LBSO films fabricated on thick buffer layers. Our paper provides a broader perspective on understanding the mobility of LBSO films and confirms that threading dislocations are not the only factor.
I. INTRODUCTION
La-doped BaSnO 3 (LBSO) is considered to be one of the leading candidates for the development of transparent electronic devices due to its large band gap (∼3.5 eV) and high single-crystal electron mobility (μ e ) value of 320 cm 2 V −1 s −1 [1] at relatively high carrier concentrations of ∼10 20 cm −3 , which is comparable to that of doped silicon (∼350 cm 2 V −1 s −1 ) [2] . For this reason, there have been many attempts to build thin LBSO film transistors, but the observed mobilities have been significantly low compared to the single-crystal value [3] [4] [5] [6] [7] [8] . Electron scatterings at threading dislocations are believed to be the main source of this mobility suppression, and most studies focused on eliminating the lattice mismatch at the film/substrate interface [4, 6, [8] [9] [10] , which is the source of threading dislocations. Inserting a buffer layer at the LBSO/substrate interface is the most common approach [11, 12] , and Lee et al. even used single-crystal BaSnO 3 as the substrate to grow homoepitaxial LBSO films [13] . Unfortunately, although these approaches were successful in improving the electron mobility of LBSO films, the resulting μ e values were still much lower than the single-crystal values, implying that the threading dislocations are not enough to fully explain the mobility suppression in LBSO films.
A previous study found that the μ e of LBSO films fabricated by pulsed laser deposition (PLD) exhibits a very strong thickness dependence [14] . One can easily suspect * joon@es.hokudai.ac.jp † hiromichi.ohta@es.hokudai.ac.jp that the thickness effect is attributed to the lattice strains from the film/substrate mismatch. However, the LBSO films on both MgO (001) and SrTiO 3 (001) substrates showed almost the same thickness-dependent μ e values despite having significantly different lattice mismatches (MgO: − 2.4%, SrTiO 3 : + 5.1%). This suggests a presence of another source of mobility suppression that is not related to the film/substrate lattice mismatch. One example of such factors can be point defects. For example, LBSO films grown from molecular beam epitaxy (MBE) tend to be more stoichiometric than those grown from PLD, and studies have shown that MBE-LBSO films (highest: ∼183 cm 2 V −1 s −1 [3] ) exhibit higher μ e than PLD-LBSO films (highest: ∼115 cm 2 V −1 s −1 [15] ). Prakash et al. deliberately changed the Sn/Ba ratio in LBSO films and demonstrated that the μ e varied from 1 to 100 cm 2 V −1 s −1 whereas the thermal conductivity (κ) changed from 1.89 to 13.3 W m −1 K −1 [16] . Point defect formations in LBSO were more thoroughly investigated with ab initio calculations [17, 18] , and the results suggest that oxygen vacancies in LBSO can naturally occur in nonoxidative environments (i.e., low chemical potential for oxygen). Oxygen atoms in undoped BaSnO 3 have an excellent chemical stability [19] , and undoped BaSnO 3 films exhibit low oxygen deficiency unless oxygen vacancies are intentionally created [20, 21] . However, a recent study showed that La doping reduces the thermal stability of oxygen and increases the oxygen deficiency in LBSO films [22] . The thickness dependence, ab initio calculations, and experimental observation of oxygen vacancies show that improving the μ e of LBSO films will involve understanding multiple factors. However, most studies are only concerned with eliminating threading dislocations, and there is a necessity for examining the mobility suppression in LBSO films from another perspective.
LBSO films are usually grown from vapor processes, such as PLD or MBE where the chemical potential of oxygen is controlled with the oxidation environment. The oxidation environment is usually adjusted with the oxygen (O 2 ) pressure in PLD [23] and ozone (O 3 ) pressure in MBE [24] . Since ozone creates much more oxidative environments compared to oxygen [25, 26] , oxygen vacancy formation in MBE-LBSO films will be suppressed compared to that in PLD-LBSO films, which may be related to the higher μ e in reported in MBE-LBSO films. A recent study on PLD-fabricated LBSO films, indeed, showed that injecting O 3 during the deposition process enhances the μ e values [15] . However, in Ref. [15] , reduction in the oxygen deficiency from O 3 was only proposed as a plausible mechanism, and the oxygen deficiencies in the films fabricated with and without O 3 were not directly compared. Therefore, there is still a lack of studies that can shed light on the oxygen vacancy effect on the μ e of LBSO films.
To clearly confirm the oxygen vacancy effect on the transport properties of the LBSO films, in-plane transport properties are not sufficient enough since they are affected by both oxygen vacancies and threading dislocations. In the through-plane direction, the oxygen vacancy effect can be isolated since the flux of energy in this case is parallel to threading dislocations. However, measuring the electrical transport properties across thin films is extremely challenging due to difficulties in making appropriate electrical contacts. For this reason, other through-plane transport properties that are sensitive to oxygen vacancies are required and thermal conductivity measurements can be of great value in this regard.
Unlike electrical transport properties, the thermal transport properties of thin films are commonly measured in the through-plane direction [27, 28] . Since vibrational properties are affected by point defects, the oxygen deficiency in the film will be reflected in the through-plane thermal conductivity (κ ⊥ ). The κ ⊥ of an epitaxial BaSnO 3 film (350 nm) is very similar to the κ of a bulk BaSnO 3 single crystal [16, 28] , confirming that the κ ⊥ of thin films is, indeed, not strongly affected by threading dislocations. This implies that the κ ⊥ of epitaxial LBSO films may be used to qualitatively compare the oxygen deficiency levels, which can connect the LBSO film fabrication conditions (O 2 or O 3 ) with the resulting oxygen deficiency level and μ e . Furthermore, understanding the thermal transport properties is also essential for controlling the heat dissipation in practical device applications. However, despite their significance, the through-plane thermal transport properties of epitaxial LBSO films have not been addressed in literature in detail.
In this paper, we examined the role of oxygen vacancies in the μ e suppression in LBSO films. Epitaxial LBSO films with varying thicknesses from 30 to 500 nm were prepared on MgO substrates using PLD whereas the oxygen deficiency in the films was controlled with the partial pressure of O 3 during the film growth. X-ray photoelectron spectroscopy (XPS) confirmed that the O 3 environment removes oxygen vacancies in LBSO films. We compared the structural and transport FIG. 1. The thickness dependence of the transport properties observed in this paper. All transport properties of LBSO films near the film/substrate interface are lower than those away from the interfaces. Studies on the point defect formations in LBSO films [17, 18, 22] suggest oxygen vacancies can also be related to the transport properties of LBSO films, and this paper, indeed, showed that the thickness gradient can be affected by the oxidation condition during the film deposition process.
properties of the LBSO films fabricated with pure oxygen (O 2 LBSO) and those fabricated with ozone (O 3 LBSO). In addition to μ e and lattice strain, κ ⊥ was also affected by the film thickness, but the thickness gradient of all properties greatly changed with the injection of O 3 (Fig. 1 ). The structural characterizations indicate that the O 3 environment reduces the lattice strains and improves the crystallinity of LBSO films.
The μ e values of O 3 -LBSO films were superior than those of O 2 -LBSO films whereas the XPS spectra confirmed that the O 3 -LBSO films exhibited lower oxygen deficiency. The κ ⊥ of the O 3 -LBSO films was also greater than that of the O 2 -LBSO films. All our results coherently suggest that the oxygen deficiency reduction in LBSO films can be achieved in strongly oxidative environments, which improves the μ e of LBSO films. We believe these results will be of great value in clarifying the electron mobility suppression in LBSO films and building better LBSO film-based electronic devices. The thermal transport properties will also be valuable for device applications because they are directly associated with the heat dissipation, which is one of the major concerns in film transistors [29] .
II. EXPERIMENT

A. Film growth
Two percent doped LBSO (La 0.02 Ba 0.98 SnO 3 ) films were heteroepitaxially grown on (001) MgO single-crystal substrates by PLD (KrF excimer laser, λ = 248 nm, fluence ∼2 J cm −2 pulse −1 , repetition rate = 10 Hz). The growth temperature was kept at 750 • C. For the deposition of O 2 -LBSO films, the oxygen pressure was set to 10 Pa. On the other hand, for the deposition of O 3 -LBSO films, the partial pressures of oxygen and ozone were 15.3 and 1.7 Pa (10% O 3 ), respectively. 094601-2
B. Film characterizations
The crystallographic parameters of the LBSO films were analyzed by the high-resolution x-ray diffraction (Cu Kα1, ATX-G, Rikaku Co.). The film thickness was determined from the Kiessing fringes in x-ray reflectivity (data not shown). The microstructures of the films were characterized with scanning transmission electron microscopy (STEM). The electrical conductivity (σ ), electron density (n), and electron mobility (μ e ) of the LBSO films were measured at room temperature (RT) by the conventional DC four-probe method in van der Pauw geometry using a magnetic field of 7600 G. The oxygen content of the LBSO films was analyzed with XPS. The O 1s peaks were deconvoluted, and the areas of the lattice oxygen peak and the oxygen vacancy peak were compared. The thermal conductivity of the films was measured using time-domain thermoreflectance [(TDTR), probe laser wavelength = 775 nm, pump laser wavelength = 1550 nm, pulse frequency = 20 MHz, modulation frequency = 200 kHz, PicoTR, PicoTherm Corp.]. Sputtered Mo (thickness: ∼100 nm) was used as the transducer, and the TDTR signal was analyzed with the TDTR simulation software package provided by the manufacturer (Supplemental Material Fig. S4 [30] ).
III. RESULTS AND DISCUSSION
The oxygen 1s (O 1s ) XPS spectra of O 2 -LBSO (126-nm) and O 3 -LBSO (140-nm) films are shown in Fig. 2 . For the XPS fitting, a Gaussian (70%) Lorentzian (30%) mix was used, and the full widths at half maximum of the three different oxygen peaks were constrained to be the same. It seems that the XPS signals are composed of two peaks. However, if the two-peak fitting process is implemented, the secondary peak in O 3 LBSO shifts to the right (Supplemental Material Fig. S1 [30] ), implying that it consists of, at least, two different peaks. In oxides, O 1s peaks can be deconvoluted into lattice oxygen (∼529 eV), oxygen vacancy (∼531 eV), and chemically adsorbed oxygen (∼533 eV) [31] [32] [33] [34] [35] [36] [37] . Therefore, the secondary peak observed from the LBSO films in this paper is the convolution of the oxygen vacancy peak and the adsorbed oxygen peak. With the injection of O 3 , the secondary peak shifted to the right, which implies the reduction of oxygen vacancy peak relative to the adsorption peak. Since the large adsorption peak makes the XPS analysis tricky, we implemented two different fitting procedures. At first, the peaks in Table I . In the independent fitting, the oxygen vacancy to the lattice oxygen ratio is greatly reduced in the O 3 -LBSO film (0.47 → 0.24). The difference in the oxygen vacancy peak is suppressed when the additional constraint was imposed in the second fitting procedure, but the O 3 films still exhibited a lower (oxygen vacancy)/(lattice oxygen) ratio (0.39 → 0.34). Both fitting procedures show , and adsorbed oxygen (O A ). The oxygen vacancy peak is attributed to the oxygen atoms adjacent to oxygen vacancies, and the adsorption peak is attributed to surface contaminations by organic molecules (i.e., oxidized hydrocarbon, adsorbed water). If O 2 LBSO and O 3 LBSO are fitted independently (a) and (c), the oxygen vacancy peak is significantly reduced. If the peak widths of O 2 LBSO and O 3 LBSO are constrained to be the same, the difference in the oxygen vacancy peak is suppressed, but the O 3 -LBSO film still exhibits a smaller V O /O L ratio (Table I) .
that the ozone environment successfully reduced the oxygen deficiency in the LBSO films.
Examples of STEM performed on the LBSO films are shown in Fig. 3 . For both the O 2 -LBSO and the O 3 -LBSO films, the STEM micrographs from the film/substrate interfaces reveal coherent interfaces with occasional misfit dislocations (Supplemental Material Fig. S2 [30] ), suggesting the films are fully relaxed. According to the micrographs, the oxidation environment during the synthesis did not From low energy to high energy, the peaks are as follows: lattice oxygen, oxygen vacancy, and adsorbed oxygen. The peak areas were normalized with respect to the lattice oxygen peak. affect the quality of interfaces, which implies that the physical property discrepancies between O 2 -LBSO and O 3 -LBSO films are related to the intrinsic properties of the films. On the other hand, interesting differences can be observed from annular dark-field micrographs. Although the high-angle annular dark-field (HAADF) micrographs do not show significant distinctions, the low-angle annular dark-field (LAADF) contrasts are significantly lower in O 3 -LBSO films compared to O 2 -LBSO films. Since the LAADF contrast contains the information of strain [38, 39] , the micrographs suggest that the lattice of the O 3 -LBSO film is much more relaxed compared to that of the O 2 -LBSO film, especially away from the interface. Despite the drastic difference in strain, the microstructures of O 2 -LBSO and O 3 -LBSO films were nearly identical, and the vertical stripes in LAADF micrographs are not necessarily attributed to threading dislocations (Supplemental Material Fig. S2 [30] ).
The lattice characteristics of the LBSO films obtained from the x-ray reciprocal space mapping (RSM) are summarized in Fig. 4 . The diffraction spots from LBSO (204) became more intense and narrower as the film thickness increased (Supplemental Material Table S1, Fig. S3 [30] ), which implies that the crystallinity of the LBSO films improves with the thickness. Regardless of the oxidation conditions, the lattice constants gradually formed plateaus with increasing thickness. Initially, at low thicknesses, the in-plane lattice parameter (a axis) and the out-of-plane lattice parameter (c axis) of the LBSO films are in tension and compression, respectively. This is reasonable since the lattice parameter of MgO (4.212 Å) is higher that of BaSnO 3 (4.115 Å). Although the c axes of O 2 -LBSO and O 3 -LBSO films were similar, the most noticeable changes due to the oxidation condition can be observed from the a axis. In the case of O 2 -LBSO films, the a axis is under tension at the beginning but eventually becomes compressed as the thickness increases. In contrast, the a axis of O 3 -LBSO films is under higher tension compared to O 2 -LBSO films at the beginning, but it approaches the exact bulk value as the films grow thicker. The lattice relaxation rates also differ. The a axis of O 2 LBSO quickly reaches a plateau at ∼100 nm, which is similar with a previous study on sputtered BaSnO 3 on the MgO (001) substrate [20] . On the other hand, the relaxation of the a axis of O 3 -LBSO films is more gradual, which resembles the evolution of lattice constants of the undoped BaSnO 3 buffer film [11] . The lattice constant patterns observed from condition. This suggests that the oxidation condition did not strongly affect the threading dislocation density. Despite having higher strains at low thicknesses, the diffraction spot of O 3 -LBSO films was more intense compared to that of O 2 -LBSO films (Supplemental Material Fig. S3 [30] ). Since oxygen vacancies reduce the XRD intensity [40] , this indicates that the oxygen deficiency level of O 3 -LBSO films is lower than that of O 2 -LBSO films. In addition, the intensity difference was not strong at small thicknesses, but it gradually increased as the films became thicker. This shows that the effect of ozone near the film/substrate interface is not as strong as that away from the interface, which implies that oxygen vacancies in LBSO films may have higher stability near the interface. All structural characterizations suggest that the oxidation environment during the film growth changed the bulk lattice of the LBSO films.
The transport properties of the LBSO films are summarized in Figs. 5 and 6. All transport properties increase with the film thickness, which agrees with the crystallinity enhancements observed from the structural characterizations. At very small thicknesses, the transport properties of O 2 - LBSO and O 3 -LBSO films were similar. As the films became thicker, the transport properties of O 2 -LBSO films reached κ ⊥ ∼ 8 W/mK and μ e ∼ 98 cm 2 V −1 s −1 whereas those of O 3 -LBSO films saturated at κ ⊥ ∼ 10 W/mK and μ e ∼ 120 cm 2 V −1 s −1 . In general, films with higher μ e also showed higher κ ⊥ , and O 3 -LBSO films exhibited greater thermal and electrical transport properties compared to O 2 -LBSO films [Figs. 5(a) and 6(a)]. We would like to note that the best mobility value in this paper (120 cm 2 V −1 s −1 ) is comparable to or even higher than the μ e of LBSO films with buffer layers [11, 12] . These results demonstrate the electron mobility suppression in LBSO films can be lifted without significantly reducing the threading dislocation density by changing the film growth atmosphere, which indicate that threading dislocations are not the only source of mobility suppression.
The conduction of heat in degenerate semiconductors, such as LBSO can be divided into the lattice thermal conductivity 094601-5 (κ lat ) and the electron thermal conductivity (κ ele ). As the O 3 -LBSO films have better electron transport properties, it is not difficult to see that κ ele of O 3 -LBSO films would be greater than that of O 2 -LBSO films. Therefore, to clearly demonstrate the oxygen deficiency effect on the heat transport properties, κ lat must be isolated from the measured κ ⊥ (= κ lat + κ ele ). κ ele can be estimated with the Wiedemann-Franz law [41] ,
where T is the temperature and L is the Lorenz number.
In the case of single band semiconductors, such as LBSO [42] , L can vary from 1.5 × 10 −8 to 2.45 × 10 −8 W K −2 [43] . The 2.45 × 10 −8 W K −2 is also the Lorenz number for a free electron gas, which works very well for metals. For this reason, 2.45 × 10 −8 W K −2 is often used as the upper bound for κ ele . Figure 6 , the difference in their thermal conductivity is related to point defects, which is likely related to the oxygen deficiency (Fig. 2) . The thermal conductivity of thin films usually increases monotonically with the thickness [44] [45] [46] [47] [48] . However, the calculated κ lat values in Fig. 6 (c) exhibit very strange patterns. This suggests that the Wiedemann-Franz law does not adequately describe the heat transport properties of conduction electrons in LBSO, and we believe this highlights the necessity for better understanding on κ ele of oxides. In fact, studies have addressed the failure of the Wiedemann-Franz law theoretically [49] and experimentally [50] . For example, the Wiedemann-Franz law assumes a high T D /T ratio (T D = Debye temperatures) [41, 51, 52] , but the Debye temperature of BaSnO 3 (307 K [42] ) is not very high compared to the room temperature. The thermal conductivity of undoped BaSnO 3 was reported to be ∼13 W m −1 K −1 for a bulk single crystal as well as a 350-nm-thick film [16, 28] . Since the observed κ ⊥ values (5.0-9.9 W m −1 K −1 ) are lower than the undoped single-crystal values, the real contribution from κ ele is likely not significant, and the thermal conductivity difference between O 2 -LBSO and O 3 -LBSO films can be attributed to the reduction of oxygen deficiency. It is interesting to note that the n's of O 2 -LBSO and O 3 -LBSO films are very similar since oxygen vacancies in BaSnO 3 create mobile electrons [20, 21] . Like many other studies [3] [4] [5] [6] [7] [8] , the carrier concentrations of all LBSO films in our paper are noticeably below the [La 3+ ] doping concentration (2.87 × 10 20 cm −3 ), suggesting the presence of charge compensating defects [16] . According to Weston et al., two of the charge accepting point defects in LBSO with the lowest formation energies are the La occupying Sn site (La Sn ) and the Ba vacancy (V Ba ). As the Fermi energy shifts toward the conduction-band minimum with increasing carrier density, the concentration of these defects increases as their formation energies are reduced [18] . If oxygen deficiencies are reduced with the injection of O 3 , the formation energy and the concentration of the charge accepting point defects would decrease, and some of the carrier electron loss will be compensated. It is also possible that the injection of O 3 improves the stoichiometry of the film and suppresses the formation of La Sn and V Ba , which can be related to the drastic strain reduction in the O 3 -LBSO films (Fig. 3) . The ab initio calculation also shows that Ba-rich LBSO exhibits lower charge compensating defects compared to Sn-rich LBSO [18] . In our experiment, the energy dispersive x-ray spectroscopy (EDS) of the LBSO films, indeed, shows that the Ba:Sn ratio in O 2 -LBSO films is 0.99:1.00 whereas that of the O 3 -LBSO films is 1.01:1.00 (error: 0.002, Supplemental Material Fig. S5 [30] ).
Although ab initio studies provide a great insight for understanding the point defects in LBSO, they are limited to bulk single crystals due to limitations in computational power. Previous experimental studies show that there is a relationship between structural defects and point defects in LBSO films. For example, insulating undoped BaSnO 3 films can be doped with oxygen vacancy after vacuum annealing, which greatly increases the electron density [20, 21] . However, a previous study on unintentionally oxygen vacancy doped BaSnO 3−δ single crystals showed that the electron-density change after vacuum annealing is almost negligible compared to thin films [53] . The origin of this discrepancy is not clear, but it is likely related to the microstructure defects associated with thin films. In the case of La-doped BaSnO 3 films, the La dopant serves as another factor since a recent study found that oxygen deficiency increases with La dopants [22] . Threading dislocations in semiconductor films are known to promote vacancies [54] [55] [56] , and some studies utilized this phenomenon to induce lateral grain growths in LBSO [22, 57, 58] . For these reasons, understanding the interaction among substrate dangling bonds, threading/misfit dislocations, La dopants, and oxygen atoms is crucial. However, it is beyond the scope of our current paper, and we would like to address it in detailed future studies. This paper explored sources of μ e suppression in LBSO films other than threading dislocations and showed that oxygen vacancies are an important factor as well. Once the threading dislocations are eliminated, ab initio calculations predict that the μ e will then be limited by electron scatterings from longitudinal optical phonons [12] . However, this calculation was performed on bulk LBSO single crystals and, therefore, may not adequately represent thin films. For instance, our κ ⊥ values [ Fig. 6(a) ] indicate that the vibrational properties of LBSO films depend on the thickness, suggesting that electronphonon scattering cross-sectional areas in LBSO films can be different from those in single crystals. In addition, boundary scatterings are not negligible in thin films. Consequently, the ideal μ e of LBSO films may be different from that of LBSO bulk single crystals. The LBSO transport properties measured in this paper imply that the films exhibit a thickness gradient where a low-transport region is accumulated at the film/substrate interface. For 30-nm films, O 2 LBSO and O 3 LBSO showed the same μ e , but the κ ⊥ of O 3 LBSO was ∼14% higher than that of O 2 LBSO. This suggests that the mobility suppression at the film/substrate interface is not significantly affected by the oxygen vacancies but dominated 094601-6 by other factors, such as the lattice mismatch, lattice strain, and changes in electron-phonon collisions. Between ∼30 and ∼300 nm, the effects from the interface are reduced, and μ e seems to be mainly dependent on both the threading dislocations and the oxygen vacancies. Above ∼300 nm, increasing the lateral grain size and eliminating the threading dislocations no longer increases μ e , and μ e enhancements can only be achieved from further eliminating the oxygen deficiency, which also reduced the lattice strains ( Figs. 3, 5, and 6) .
The upshot of all studies on the electrical properties of LBSO films is achieving the single-crystal mobility (320 cm 2 V −1 s −1 ) at a reasonable cost for commercialization. Although epitaxial LBSO films from PLD or MBE exhibit excellent film qualities and transport characteristics, they require incredibly specialized costly equipment, and cost reduction will be a critical issue for large-scale production facilities. As we search for more economical tools for fabricating LBSO films, our paper suggests that preserving the stoichiometry, especially reducing the oxygen vacancy formation, can be just as important as eliminating threading dislocations or grain boundaries.
IV. CONCLUSIONS
To summarize, we investigated the role of oxygen vacancies in the electron mobility suppression in LBSO films. We fabricated epitaxial LBSO films on MgO (001) substrates under two different oxidation conditions: pure O 2 and 10% O 3 environments. The structural characterizations and O 1s XPS spectra from the films showed that the O 3 environment reduced the oxygen deficiency level in the LBSO films. The O 3 -LBSO films exhibited superior electron mobilities and thermal conductivities compared to the O 2 -LBSO films. According to these results, electron scattering at threading dislocations is not the only source of mobility suppression in LBSO films, and understanding oxygen vacancy formation in LBSO films is of great importance in improving the electron mobility of LBSO films. We believe that the transport properties of LBSO films presented in this paper will be of great value for practical aspects in developing LBSO film devices, such as operation speed (μ e ) and heat dissipation (κ ⊥ ).
